Abstract: Ultrasonic velocity, density and viscosity measurements have been measured for the ternary mixtures of 1-propanol and 1-butanol in ethyl methacrylate + benzene at 303,308 and 313 K. From the experimental data adiabatic compressibility, free length, free volume internal pressure and their excess values have been calculated. These parameters are used to explain the nature of interactions between the component molecules of the mixtures.
Introduction
During the last few decades, the measurement of ultrasonic velocity has been effectively used in understanding the nature of molecular interactions in liquid and liquid mixtures. Though the molecular interactions studies can be carried out by several spectroscopic techniques, the other non spectroscopic techniques such as dielectric, magnetic, viscosity and ultrasonic velocity measurements have been adequately used in the field of interactions and structural aspect evaluation studies 1, 2 . The measurement of ultrasonic velocity in liquid mixtures is very useful and convenient tool to recognize the physicochemical behavior and molecular interactions. Knowledge of acoustical properties in solution furnishes a wealth of informations on molecular interactions occurring in the liquid mixtures, the nature and the strength of interactions. The temperature and concentration dependence of acoustic properties has proved to be a significant study of intermolecular interactions in liquids, liquid mixtures and solutions. Thus, the method of studying the molecular interactions from the knowledge of variation of acoustical parameters and their excess values with composition gives an insight into the molecular process 3 .
The investigations regarding the molecular interactions in ternary liquid mixtures having an alcohol as one component is of particular importance since alcohols are strongly self associated liquids with a three dimensional network of hydrogen bonds and can be RESEARCH ARTICLE associated with any other group having some degree of polar interactions 4, 5 . Owing to these considerations, an attempt has been made to elucidate the molecular interactions in the mixtures of 1-propanol and 1-butanol with ethylmethacrylate in benzene at different temperatures.
Experimental
The chemicals used in the present work were analytical reagent and spectroscopic reagent grades with minimum assay of 99.9% were obtained from E-Merck Ltd. (India) and Sd Fine Chemicals, which were used as such without further purification. In both the systems, the mole fraction of the second component, ethyl methyl acetate(X 2 =0.3) was kept constant, where the mole fractions of the remaining two were varied from 0.1 to 0.7 to have the mixtures of different compositions.
Ultrasonic velocity, density and viscosity measurements on liquid mixtures were made at three different temperatures 303, 308 and 313±0.1K respectively by using F 81 Ultrasonic interferometer (Mittal Enterprises, New Delhi) at a frequency of 2 MHz with an accuracy of ±0.2%, specific gravity bottle of capacity of 10 mL with accuracy of ±0.0001 g cm -3 and the Ostwald's viscometer accurate to ±0.1% respectively.
Acoustical parameters
In the present study, the ultrasonic velocity, density and viscosity measurements were carried out in the ternary mixtures of 1-propanol and 1-butanol with ethyl methacrylate in benzene at 303, 308 and 313 K at different concentrations.
Employing the measured values of velocity (U), density (ρ) and viscosity (η), some acoustical parameters such as Adiabatic compressibility, Free length, Internal pressure, Free volume and their excess values can be computed through the following expression 6, 7 . Adiabatic compressibility : β ad = [U ) (4) Where, b is a constant, which takes 2 for cubic packing, R is the gas constant, K is a temperature independent constant which is equal to 4.28x10 9 for all liquids.
Excess parameters
The study on the possible change of thermodynamic properties of mixtures and their degree of deviation from ideality is an excellent qualitative and quantitative way to investigate about the molecular structure and intermolecular forces in liquid mixtures. This has given impetus to the theoretical and experimental evaluation of the excess thermodynamic properties of liquid mixtures. Excess properties are sensitive towards external factors such as composition and temperature 8 . The excess parameters have been evaluated using the following relation,
Where Y E is  E or L f E or V f E or  i E and X represent mole fraction of the component and subscript1, 2 and 3 for the components 1, 2 and 3.
Results and Discussion
In the present investigation, different acoustical parameters such as ultrasonic velocity, adiabatic compressibility, intermolecular free length, free volume and internal pressure are calculated and listed in Table 1 & 2. The excess properties of the mixtures are listed in Table 3 .
It can be seen from the Table 1 that the ultrasonic velocity increases with increase in mole fraction of alcohols for all the mixtures, which indicates the presence of molecular association between solute and solvent. The structural changes of molecules in the mixture take place due to the existence of electrostatic field between the interacting molecules. Thus the structural arrangement of molecules results in the effect of adiabatic compressibility (). Adiabatic compressibility decreases with respect to the concentration in all the system since the molecules become more compact and less compressible as the new entities are formed. Such a continuous decrease in adiabatic compressibility with solute concentration has been qualitatively ascribed to the effect of hydrogen bonding 9 . Intermolecular free length is found to be a predominating factor, which depends upon adiabatic compressibility and shows a similar behavior as that of compressibility the addition of 1-ols with the mixture leads to a compact structure due to the presence of dipolar interaction this contributes to a decrease in free length and hence compressibility. The regular fall in free length with the mole fraction of alcohols may be attributed to the close approach of the molecules 10 . However, the increase in temperature makes the free length to increase due to the thermal expansion of liquid.
It is noticed that as the concentration of alcohols increases, free volume decreases where as the internal pressure increases. Due to this close packing of the molecules inside the shield takes place. The increase in internal pressure generally indicates association through hydrogen bonding and hence it supports the present investigation 11 However, with rise in temperature, increase in free volume and decrease in internal pressure are noticed in all the system.
In order to understand more about the nature of interaction between the components of the liquid mixtures, it is necessary to discuss the same in terms of excess parameters rather than actual values. They can yield an idea about the non-ideality of the system as association or other types of interactions 12, 13 . System I The variation of excess adiabatic compressibility, excess free length, excess free volume and excess internal pressure against the composition of alcohols in all the ternary systems at different temperatures are shown in Table 3 . It can be observed that the excess compressibility is positive at lower mole fraction and it becomes negative at higher mole fraction in both 1-propanol and 1-butanol system. The negative excess compressibility at higher mole fraction may be due to close packed molecules while positive excess values are due to weak interaction between unlike molecules. Anwar Ali et. al., 14 suggested that the negative excess values of compressibility indicate the formation of hydrogen bond between unlike molecules the values of excess intermolecular free length L f E follow the same trend as that of  E . The values of excess free volume are negative in all the system. The negative deviation of excess free volume is an indication of the existence of strong interaction between the components.
Conclusion
The variation of ultrasonic velocity, calculated acoustical parameters and magnitude of the excess functions suggest that the presence of molecular interaction in the ternary mixtures.  Molecular interaction is due to the formation of hydrogen bonding through polar oxygen of EMA and hydrogen atom of alcohols.  The observed negative excess values in all the mixture indicate the strong interactions between the unlike molecules.  The temperature dependence of the different parameters suggests that the degree of deviation from ideality is temperature sensitive and influenced by the strong hydrogen bonds.
